Human teratocarcinoma-derived virus (HTDV) particles are retrovirus-like structures that were first detected by electron microscopy in cell lines established from human teratocarcinomas (Bronson et al., 1979 ; Kurth et al., 1980) . As they have been shown to be encoded by the human endogenous retrovirus (HERV)-K sequence (Boller et al., 1993 ; , HTDV is now termed HTDV\HERV-K. HTDV\HERV-K particles exhibit no immunological cross-reactivity to other known human or animal retroviruses and are morphologically distinct as they lack an electron-lucent space between the viral core and envelope. HTDV\HERV-K particles also appear to be defective, as surface spikes and free mature virus particles with condensed cores are virtually never observed (Boller et al., 1983) . This is supported by the fact that all efforts to Author for correspondence : Klaus Boller. Fax j49 6103 771234. e-mail bolkl!pei.de demonstrate infectivity of HTDV\HERV-K have failed (Lo$ wer et al., 1984) . HERV-K is clearly the most active HERV sequence and to date is the only one shown to be expressed in the form of virus particles (To$ njes et al., 1996) .
Virus particles with a morphology similar to HTDV have been observed budding from the syncytial layer of full-term human placentas (Kalter et al., 1973 ; Vernon et al., 1974) , although they have not yet been unequivocally identified as HTDV\HERV-K. Viral proteins have been detected in biopsies of seminomas (Sauter et al., 1995) , and functional viral proteases (Schommer et al., 1996) as well as reverse transcriptase (Berkhout et al., 1999) have been demonstrated in vitro after the expression of cloned sequences. The frequent presence of antibodies specific for HTDV\HERV-K proteins in patients suffering from testicular tumours (Sauter et al., 1995 ; Boller et al., 1997) provides indirect evidence of expression in vivo. However, apart from the expression of HTDV\HERV-K proteins in teratocarcinoma cell lines, testicular tumours and most probably in the placenta, their presence in other neoplastic or normal tissues has not been demonstrated. As with endogenous animal retroviruses, the possible involvement of HERV in tumour diseases or autoimmune disorders has been suggested (Urnovitz & Murphy, 1996 ; Lo$ wer, 1999) . Furthermore, the involvement of an endogenous retrovirus sequence, IDDMK ",# 22, with a sequence similarity to HERV-K in type I diabetes has been claimed recently (Conrad et al., 1997) , but could not be confirmed (Lo$ wer et al., 1998) . A beneficial role of HERV in humans has also been discussed (Venables et al., 1995 ; Harris, 1998) . However, direct evidence for a biological function of HTDV\HERV-K has yet to be produced.
Between 25 and 50 different HERV-K sequences are present in the human genome (To$ njes et al., 1996) and open reading frames for all three structural protein genes have been cloned from human genomic libraries or from expression libraries of human teratocarcinoma cells. It is not clear whether they originate from a unique provirus because no completely intact replication-competent virus genome has yet been characterized (To$ njes et al., 1999) . This raises the question of whether the virus particles observed in teratocarcinoma cell lines are encoded by one or several HERV-K proviruses and whether all cell lines producing HTDV have identical active sequences. To investigate the possibility of differential HERV-K provirus expression, we studied the morphology and protein banding pattern of HTDV\HERV-K produced by different human germ cell tumour cell lines.
For these studies, six human teratocarcinoma cell lines were examined : GH (Lo$ wer et al., 1984) and Tera-1 cells (Fogh & Trempe, 1975) , which are both known to produce HTDV\ HERV-K particles (Boller et al., 1997) ; NCCIT (Teshima et al., 1988) and 2102Ep cells (Andrews et al., 1980) ; and Tera-2 (Fogh & Trempe, 1975) and PA-1 cells (Zeuthen et al., 1980) as virus-negative controls. GH cell lines were established in our institute (Lo$ wer et al., 1984) . NCCIT and 2102Ep cell lines were kindly provided by H.-J. Schmoll (Halle, Germany) and the others were purchased from the ATCC. To detect virus particles and proteins, we used various antibodies specific for HTDV : (i) the HTDV\HERV-K\Gag-specific monoclonal antibody HERMA-1, which was produced by immunizing BALB\c mice with the membrane fraction of GH cells ; (ii) a goat serum that was raised against recombinant HERV-K\Gag and kindly provided by R. To$ njes (Boller et al., 1997) ; and (iii) a serum from a teratocarcinoma patient that was previously shown to react with HTDV. For immunofluorescence studies, this last antibody was preabsorbed with recombinant HERVK\Gag protein in order to leave it specific for the putative viral Env protein (Boller et al., 1997) . All three antibodies reacted with the cell lines GH, Tera-1 and 2102Ep in immunofluorescence assays, whereas no reaction was seen with the HERV-K-negative teratocarcinoma cell lines, Tera-2 and PA-1 (data not shown). Surprisingly, only the Gag-specific antibodies and not the Env-specific human serum reacted with the human teratocarcinoma cell line NCCIT. The particulate staining pattern of all three antibodies was located at the cell surface of positive cell lines, as would be expected for C-type virus staining. Immunofluorescence double-labelling experiments with Gag-and Env-specific antibodies on GH, Tera-1 and 2102Ep cells clearly showed a colocalization, indicating that both proteins are incorporated into virus particles (results not shown).
In the three cell lines that were reactive with anti-HTDV\HERV-K antibodies in immunofluorescence analyses, retrovirus-like particles of the HTDV type described earlier could be detected by electron microscopy on ultra-thin sections performed according to standard methods. Virus particles were most easily found in GH cells, where groups of more than 10 virions were frequent (Fig. 1 a) . The cell line producing the smallest number of virus particles was the Tera-1 cell line, where single virus particles could only occasionally be observed (Fig. 1 b, c) . Virus production in NCCIT and 2102Ep cells was moderate, with single as well as small groups of virus particles being found within some minutes of examination. When comparing virus particle morphology, particular attention was paid to the presence of surface spikes (representing the envelope glycoprotein) and free mature virus particles with condensed cores, which are typical for infectious retroviruses in the virus maturation stage (Frank et al., 1978) . During earlier studies using GH cells, virus particles with spikes were not found and free mature virus particles were only rarely observed. This was confirmed for both GH and Tera-1 cells (Fig. 1) . In contrast, many virus particles with spikes were clearly observed budding from 2102Ep cells (Fig. 2) , with about 10-20 % of virions showing prominent surface projections of equal length and structure. While free mature virus particles with condensed cores were hardly seen in GH, Tera-1 and 2102Ep cells, a significant proportion of these mature virions was found in the NCCIT cell line. These virus particles usually occurred in groups and were often associated with budding virus particles showing the classical HTDV morphology, i.e. exhibiting the typical structure of a mature mammalian C-type retrovirus with a centrally located polygonal core (Fig. 3 b, d ). To confirm that the free mature virus particles in NCCIT cells did not represent a retrovirus of different origin (endogenous or exogenous), we performed immunoelectron microscopy on freeze-substituted Lowicrylembedded cells using goat antiserum specific for recombinant HERV-K\Gag, where bound antibodies were detected with anti-goat antibodies labelled with 10 nm colloidal gold. Virions with condensed cores were found to be labelled as efficiently as the immature virus particles or virus particles budding at the cytoplasmic membrane (Fig. 3 e, f ) .
In summary, three different types of virions were observed : (i) the classical HTDV type, i.e. immature virus particles without spikes, which were present in all cell lines examined ; (ii) immature virus particles with prominent spikes found in 2102Ep cells ; and (iii) free mature virus particles without surface spikes found in NCCIT cells.
To investigate whether these observations could be confirmed at the protein level, immunoblotting analyses (Boller et al., 1997) were performed using the different antibodies available. The monoclonal antibody HERMA-1 (specific for the HTDV\HERV-K\Gag protein) showed only minor differences between whole cell lysates of the HTDV-positive cell lines (Fig. 4) . In Tera-1 and 2102Ep cells, however, only one major band with a molecular mass of 80 kDa, corresponding to the Gag precursor protein, was seen. In GH and NCCIT cells, an additional prominent band with a molecular mass of 30 kDa was observed, representing the cleaved Gag of HTDV\HERV-K. Using the teratocarcinoma patient serum, the same bands FJE Phenotypic heterogeneity of HTDV/HERV-K Phenotypic heterogeneity of HTDV/HERV-K were seen together with bands representing the putative 90 kDa HERV-K Env protein, which was observed in GH, Tera-1 and 2102Ep cells but not in NCCIT cells. Interestingly, in Tera-1 and 2102Ep cells, the band representing the Gag protein was consistently less prominent than the band thought to be the Env protein. In GH cells, however, both viral proteins were detectable in approximately equal amounts.
Mature virus particles were seen by electron microscopy in the NCCIT cell line and an apparently cleaved Gag protein was found by immunoblot analysis in NCCIT and GH cell lysates. The cell supernatant of these lines was therefore examined for the presence of free virus particles. Cell culture supernatants of GH and NCCIT cells were centrifuged at 20 000 r.p.m. in an ultracentrifuge, lysates were prepared from the pellet (Boller et al., 1997) and immunoblots were probed with goat anti-HERVK\Gag antibody. In the supernatant of GH cells, a prominent band of 80 kDa, corresponding to the Gag precursor, and only a weak band at 30 kDa, representing the cleaved core protein, were seen. In contrast, the overwhelming majority of protein detected in NCCIT cell supernatant corresponded to the 30 kDa band and significantly less 80 kDa protein was observed. We therefore conclude that only a minor proportion of virus particles are released from GH cells to become mature virions, whereas most viruses produced by NCCIT cells are released into the cell culture supernatant.
The production of morphologically distinct retrovirus-like particles from different human teratocarcinoma cell lines has been observed previously (Bronson et al., 1984) . According to our results, these viruses were probably just different forms of HTDV\HERV-K virions. This study is the first to report the existence of free and mature HTDV particles, although this type of HTDV\HERV-K (as observed in the NCCIT cell line) lacks the Env protein and therefore cannot be infectious, given the role played by Env in cellular binding and uptake. There would therefore appear to be a selection pressure for the production of non-infectious viruses.
In conclusion, the levels of transcription (Medstrand et al., 1992 ; Li et al., 1995) , translation and virus particle formation (this work) clearly indicate that various HERV-K proviruses are expressed. As a completely intact replication-competent sequence probably does not exist, it has been speculated that HTDV\HERV-K virus particles might originate by complementation of transcripts from different proviruses ; Li et al. (1995) observed that different HERV-K sequences can be expressed in a single teratocarcinoma cell line and the results reported here would support this hypothesis.
In two of the cell lines studied here, two types of particle were observed. Although this does not demonstrate unequivocally that different proviruses are active (the same sequence could be responsible for different morphotypes as immature and mature virus particles), there seems to be a heterogeneity in virus expression. However, if several proviruses are transcribed in one cell and can participate in virus particle formation, phenotypic mixing could occur and eventually lead to infectious virions. It would therefore be worthwhile to look further for signs of infection by HTDV\HERV-K.
